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Process and System for Tunable 
Filter Optical Train Alignment 



BACKGROUND OF THE INVENTION 

Tunable micro electromechanical (MEMS) filters are playing an increasingly 

important role in modern optical communication networks. They are being deployed in 
applications ranging from systems that monitor the spectral characteristics of the optical 
signals transmitted through the networks to tuning elements for laser devices, for example. 
2 o These applications are most important in modern wavelength division multiplex (WDM) 
systems in which many optical carrier signals are combined into a common fiber at different 
carrier wavelengths. Still further applications include matched-noise filtering at receivers, in 
add-drop devices, and tunable devices such as tunable lasers. 

One common tunable filter configuration uses two nominally parallel mirrors, where 
25 at least one of the mirrors is translated relative to the other mirror to achieve the tuning 

function. Such tunable filters are often referred to as tunable Fabry-Perot filters. Typically, 
at least one of the two mirrors is curved to ease assembly tolerances. 

Some conventional systems integrate the tunable filter into the larger optical system 
by simply locating it between two fiber pigtails; one fiber pigtail emits the optical signal to be 
3 o filtered and the other fiber pigtail collects filtered optical signal after its transmission through 
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the tunable filter. The tunable filter is oriented to be orthogonal to the axis extending between 
the fiber endfaces. 

SUMMARY OF THE INVENTION 

As optical systems are developed that allow for higher levels of functionality in a 

5 single package, the alignment of the tunable filter element in the optical system becomes less 
trivial. This is especially true in systems utilizing free-space interconnects between the 
tunable filter and other optical components in the system. 

Improper or imprecise alignment can excite higher order modes in the optical filter 
train. These higher order modes are undesirable because they can cause confusion as to how 
l o many WDM channels exist in an optical signal, for example, in the received signal. It can 
also cause undesirable inter-channel crosstalk. 

In general, according to one aspect, the invention features an alignment process for a 
fiber optic system including at least one lens and a tunable filter element. The process 
comprises transmitting an optical signal into the system and detecting a back-reflection from 
15 the lens and/or the tunable filter element. The position of the lens relative to the tunable filter 
element is then manipulated in response to the back-reflection. 

In general, according to another aspect, the invention features an alignment process in 
which an optical signal is transmitted into the system while a camera is in the optical link of 
the system. The lens is then aligned using its image position on the camera. 

20 In one embodiment, the optical signal is transmitted backwards through the optical 

system and tuned to a passband of the filter. 

In general, according to another aspect, the invention features an alignment process in 
which an optical signal is transmitted into the system while attaching the fiber pigtail. The 
endface of the fiber is then positioned to maximize a ratio between a lower order mode and a 
2 5 next higher order mode. 
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The above and other features of the invention including various novel details of 
construction and combinations of parts, and other advantages, will now be more particularly 
described with reference to the accompanying drawings and pointed out in the claims. It will 
be understood that the particular method and device embodying the invention are shown by 
5 way of illustration and not as a limitation of the invention. The principles and features of this 
invention may be employed in various and numerous embodiments without departing from 
the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings, reference characters refer to the same parts throughout 

.0 the different views. The drawings are not necessarily to scale; emphasis has instead been 
placed upon illustrating the principles of the invention. Of the drawings: 

Fig. 1 is a schematic, plan view showing a misaligned optical train for a tunable filter; 

Fig. 2 is a spectral plot illustrating the transfer function for the misaligned optical train 
including the tunable filter; 

15 Fig. 3 is a schematic, plan view showing the alignment of part of the optical train 

utilizing the alignment technique of the present invention; 

Fig. 4 is a schematic, plan view showing a partially aligned optical train and alignment 
of the other part of the train utilizing the alignment technique of the present invention; 

Fig. 5 is a schematic, plan view showing a fully aligned optical train according to the 
2 o present invention; 

Fig. 6 is a flow diagram summarizing the inventive alignment technique; 

Fig. 7 is a schematic, plan view showing an optical train for a different tunable filter 
configuration to which the present invention is also applicable; 
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Fig. 8 is a flow diagram illustrating an inventive alignment technique according to 
another embodiment of the present invention; 

Fig. 9 is a schematic, plan view showing the alignment of the optical train utilizing the 
second embodiment of the alignment technique of the present invention; and 

Fig. 10 is a perspective view of an optical channel monitor illustrating an optical 
system to which the inventive alignment technique is applied. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 1 shows an exemplary optical system to which the present invention is applicable. 

Specifically, the present invention is most applicable to fiber-optic-based optical 
10 systems where the single-transverse mode optical signal is provided to the optical system via 
a fiber 110. As is common, the optical signal that is emitted from the fiber's endface 1 12 
forms a diverging beam, which is typically collimated or has its collimation improved by a 
lens, such as a first convex lens 1 14. The invention is extendable to the more complex system 
where the optical signal beam is then intended to be focused by a second lens 1 16 into the 
1 5 cavity 1 1 8 of a tunable filter 1 20. 

The present invention is applicable to small optical system and beam sizes. 
Specifically, the single mode fiber has a mode size of approximately 10 microns. The 
maximum beam size in the trains of Figs. 1 and 9 is less than 400 microns and propagates 
between 0.5 and 2.0 millimeters above a bench to which the optical components are attached. 
20 In the preferred embodiment, the maximum beam size is less 1 50 microns or about 100 
microns. 

In the current implementation, the lens 1 14, 1 16 are constructed according the mass 
transport technique described in U.S. Pat. No. 5,618,474, the teachings of which are 
incorporated herein by this reference in their entirety. The diameter of the lenses is between 
25 100 and 500 microns. Typically the diameters are between 150 and 300 microns, however. 
The invention, however, is compatible with other types of microlense such as those generated 
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by diffractive, binary optics, gradient index processes, or refractive element replication, for 
example. In the preferred embodiment, the filter is a MEMS device as described in Patent 
Application Serial No. 09/649,168, filed on August 25, 2000, by Flanders, et al, entitled 
Tunable Fabry-Perot Filter, this application is incorporated herein by this reference. 

5 The illustrated tunable filter 120 comprises a first, typically partially, reflecting mirror 

122 and a second, typically partially, reflecting mirror 124. The length of the optical cavity is 
tunable as illustrated by arrow 126. In the illustrated filter implementation, the second mirror 
is curved as is common to reduce alignment tolerances relative to other mirrors that define the 
optical cavity 118. 

io In the illustrated exemplary optical system shown in Fig. 1 , the optical components are 

misaligned relative to each other. As part of the invention, to achieve alignment, an 
alignment jig system is connected to the optical system 100. The jig system comprises a 
circulator or coupler 132 connected to the distal end of the fiber 110. The circulator allows 
light from an optical signal generator 134, preferably a single frequency signal from a source, 

15 such as a distributed-feedback semiconductor laser. The circulator 132 directs back-reflected 
signals returning from the optical system 100 to a photodetector 136. 

Fig. 2 illustrates the transfer function of the optical system illustrated in Fig. 1. 
Particularly, the schematically illustrated misalignment between the optical components leads 
to the excitation of higher order modes in the optical system 100. Thus, in addition to the 
2 o transmission peak of the lowest order mode at approximately 1 538 nanometers (nm), a 
transmission peak of a higher-order mode is also present at approximately 1536 nm. This 
higher-order mode is undesirable and should be ideally removed from or suppressed in the 
system. 

Fig. 3 illustrates a first step of the alignment process in which a mirror 138 or other 
2 5 reflective element of the alignment j ig system is inserted into the optical train of the optical 
system 100. Specifically, in the illustrated embodiment, the mirror 138 is inserted between 
lens #1 1 14 and lens #2 116. The mirror 138 is inserted into the optical train such that it is 
orthogonal to the nominal optical axis 130. 



5 of 17 



21 September 2000 



Docket: 1008.0100 



With the mirror 138 inserted between lens #1 and lens #2, the optical signal generator 
134 is activated and the backward coupling efficiency of the optical system 100 with the 
inserted mirror 138 is detected by detecting the level of optical signal received by the 
photodetector 136. Note that in this step, the single frequency source, or another broader 
5 band source could be used. 

In this temporary configuration, the position of the fiber 1 10 and lens #1 1 14 are 
moved relative to each other so that the backward coupling efficiency is maximized by an 
optical component manipulation system. Specifically, the fiber 1 10 and lens 1 14 are moved 
relative to each other such that the optical signal detected by the photodetector 136 is 
io maximized. Once aligned, these two components define the nominal optical axis for the 
subsequent alignment process and the aligned system. 

In the preferred embodiment, the positions of the fiber and the lens are manipulated in 
two dimensions in a plane that is orthogonal to the optical axis by the manipulation system. 
Specifically, their positions are manipulated in the y-axis direction illustrated by arrows 150 
15 and 152, but also the x-axis direction, which extends into the page in the illustration of Fig. 3. 

Fig. 4 illustrates the next step in the alignment process. Specifically, once the 
alignment of the fiber 1 10 and lens #1 1 14 has been achieved within the desired tolerances, 
the mirror 138 is removed as illustrated in Fig. 4. In this configuration, the optical signal 
generator 134 is again activated. Its signal is selected relative to the transfer function of the 

2 o tunable filter 1 20 such that the wavelength is not within the passband of the tunable filter 1 20, 
i.e., the optical signal is off-resonant light relative to the tunable filter 120. The light, 
however, is within a stop band of the tunable filter 120. Specifically, the light wavelength is 
confined to at least the tuning wavelength of the tunable filter 120. In this configuration, the 
optical signal emitted from the fiber 1 10 into the optical system 100 is reflected by the 

2 5 tunable filter 1 20. The position of lens #2 is translated in a plane that is orthogonal to the 
nominal optical axis, i.e., the x, y plane, see arrow 156, by the manipulation system, to again 
maximize the back-reflection detected by the detector 136. 
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Fig. 5 illustrates the aligned optical system 100 after the manipulation of lens #2 116 
is performed to maximize the back reflection efficiency of the optical signal 100 at the off- 
resonant wavelength. 

Fig. 6 is a flow diagram summarizing the above-described alignment process and 
5 optical component manipulation by the manipulation system. Specifically, in step 2 1 0, the 
mirror 138 is inserted into the optical train of the optical system 100 between lens #1 1 14 and 
lens #2 116. In step 212, the fiber 1 10 and lens #1 1 14 are aligned to maximize backward 
coupling efficiency. Then, the mirror 138 is removed in step 216. Finally, in steps 216 and 
218, lens #2, and also possible the filter, is translated while exciting the system with off- 
i o resonant light to again maximize the back-reflection, now from the filter 120. 

Fig. 7 illustrates another configuration of an optical system to which the present 
invention is applicable. 

In some tunable filter optical systems, the configuration of the optical filter is 
essentially reversed from that illustrated in Fig. 1, for example. Specifically, as illustrated in 
15 Fig. 7, the optical signal is initially received and transmitted through a curved reflecting 

element 142, and then reflected off of a flat or curved reflecting element 144 to thereby form 
the Fabry-Perot filter cavity 118. 

In this configuration, an optical coating 140 is added to the tunable filter. It is coated 
to be reflective at a predetermined wavelength within the transmission spectrum of the fiber 
2 o tunable filter system 1 00, or at least lenses 1 14, 1 1 6 and fiber 110. The optical signal 

generator is then tuned to emit at this predetermined wavelength during the final alignment 
step of lens #2 1 16. By tuning to the bandwidth of the narrowband reflective coating 140, a 
back-reflection is generated to allow the alignment of lens #2 1 16 by reference to the 
backward coupling efficiency as described previously in Fig. 4. 

25 Fig. 8 illustrates an alignment process for an optical system as illustrated in Fig. 1 

according to another embodiment of the present invention. In this embodiment, a camera, 
such a CCD array is inserted into the train of the optical system 100 at the position of fiber 
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110, In one implementation, the camera is inserted such that it is axial with the intended 
position of the fiber's endface 1 12. Thus, in the typical implementation, the camera is 
inserted into the optical train of the optical system prior to the installation of the fiber 110. 
This configuration is illustrated in Fig. 9. 

5 With the camera inserted as described in step 250, the optical train is excited with an 

optical signal, which is preferably a single frequency such as generated by a distributed 
feedback laser, for example. This alignment signal is preferably launched in a direction 
reverse to the direction of optical signal propagation during normal operation of the optical 
system. The wavelength of the laser and the tunable filter are mutually adjusted so that the 

o laser emission overlaps with the lowest order mode (TEMoo) 

While excited, the surface of lens #2,1 16 is imaged onto the camera in step 254. Lens 
#2 1 16 is then translated with the manipulation system such that the lens image is coincident 
with the nominal optical axis 130. This translation occurs in a plane that is orthogonal to the 
nominal optical axis or the x. y plane defined in Fig. 1. 

5 With lens #2 116 aligned, the image of the surface of lens #1 is then imaged onto the 

camera in step 256. Lens #1 1 14 is then translated by the manipulation system in the x,y, 
plane in step 258 so that it is similarly coincident and aligned relative to the optical axis 130. 
Specifically, the center of lens 1 14 is aligned such that it coincides with the nominal optical 
axis 130. 

o In step 260, the camera is removed and the fiber is attached to the optical system 262, 

typically as part of a final manufacturing step of the optical system 100. Then, the optical 
system is excited with a broadband source. Specifically, the optical signal generator 130 is 
selected to be a broadband source such as a super luminescent light emitting diode SLED. 
With the optical system excited, the ratio between the lowest order mode and any higher order 

5 mode is then maximized in step 226. In the typical implementation, the ratio of the lowest 
order mode in the next higher order mode is maximized in step 226 by positioning the fiber in 
the x, y plane. 
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Fig. 10 shows the optical train of the optical channel monitoring system utilizing the 
optical filter train discuss with reference to Figs. 1-9. 

The fiber 110 terminates above an optical bench 134. During normal operation, the 
optical signal 14 is emitted out of the typically cleaved or cleaved-polished end- face of the 
5 fiber. 

The optical signal is typically diverging as it is emitted from the fiber's core. It is 
collimated by the lens #1 1 14. Preferably, all lenses are formed utilizing mass-transport 
processes as described in U.S. Pat. No. 5,618,474, the teachings of which are incorporated 
herein by this reference in their entirety. 

io A dichroic mirror 140 is used to add a reference signal 1 1 1 to the optical signal 14. 

These dichroic mirrors or filters are typically referred to as WDM filters. In the illustrated 
implementation, the WDM filter 140 is reflective in a band surrounding 1300 nm, but 
transmissive in a band surrounding 1500 nm. 

In the illustrated embodiment, the 1300 nm reference signal is generated by a light 
15 emitting diode 142. In one implementation, the light emitting diode is a super luminescent 
light emitting diode (SLED). 

The diverging beam from the LED is collimated by a second collimating lens 144. An 
etalon 146 is used to convert the relatively wide-band signal from the SLED into a reference 
signal with stable spectral characteristics. More specifically, the etalon 146 functions as a 
20 Fabry-Perot filter with a 200 GigaHertz (GHz) free spectral range (FSR). This effectively 
converts the SLED's continuous, broadband spectrum into a signal with energy peaks every 
200 GHz. These peaks are stable, particularly when the temperature of the system is 
controlled by a thermoelectric cooler or is otherwise stabilized. 

A fold mirror 145 redirects the reference signal to the WDM filter 140. It should be 
25 noted, however, that this mirrors is not required, but is simply used to facilitate integration of 
the system on a compact bench. 
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The combined optical signal 14/1 1 1 is transmitted through an isolator 138. This 
component is used to prevent back-reflections from the subsequent optical components into 
the fiber 132. 

Lens #2 1 16 is used to focus the collimated combined beam 14/1 1 1 onto the tunable 
5 filter 120. After the tunable filter, the beam is recollimated by a third collimating lens 152, 
and transmitted to a second dichroic/WDM filter 154. 

The second WDM filter 154 functions to separate the filtered reference signal from the 
filtered optical signal in the filtered beam 16 from the tunable filter 120. In the illustrated 
implementation, the second WDM filter 154 is reflective in a band around 1300 nm, but 
10 transmissive in a band around 1500 nm. As a result, the filtered reference signal is directed to 
the wavelength reference detector 122 for optical-electrical conversion. 

The filtered optical signal is transmitted to the signal detector system 184. In the 
illustrated embodiment, the L- and C-bands are separated from each other by a third WDM 
filter 156. This WDM filter 156 is reflective to the C-band and transmissive to the L-band. 
is As a result, the C-band of the WDM signal is detected by a C-band photodiode 158; the L- 
band is transmitted through the WDM filter 156 to be detected independently by an L-band 
photodiode 160. In other embodiments, more than two bands, such as three or four, are 
detected simultaneously by adding additional WDM filters and detectors. 

This system provides for out-of-band calibration. This yields the advantage that the 
2 o calibration can occur simultaneously with wavelength monitoring. Specifically, one or more 
of the filter's modes are used for signal detection while another mode is used to 
simultaneously filter the calibration signal. 

In alternative embodiments, a similar stable source is used for in-band calibration. 
One downside to such embodiments, however, is the fact that complex post processing and/or 
25 time multiplexing functionality is required upstream of the detectors to switch between signal 
monitoring and signal calibration. 
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In alternative embodiments, other LED sources are used , such as LED sources 
operating at approximately 1400 ran, such as an InGaAsP SLED. 

The salient features of the tunable filter 120 are its selectable free spectral range. In 
the preferred embodiment, the free spectral range is 20 nm < FSR<170 nm at 1550 ran 
5 wavelength. It preferably also has high finesse, i.e., greater than 3,000, and a compact size. 

In the preferred embodiment, the filter is as described in Patent Application Serial No. 
09/649,168, by Flanders, et al, entitled Tunable Fabry-Perot Filter, filed on August 25, 2000, 
this application is incorporated herein by this reference. 

In the preferred embodiment, a 40 nm FSR is selected. This enables simultaneous 
l o scans of the C and L-bands, in addition to calibration relative to the reference band. 

Generally, to enable simultaneous scanning, the FSR of the filter must be greater than the 
bandwidth of at least one of the bands of interest so that successive modes of the filter can 
access both bands simultaneously. The FSR, however, must be less than the combined 
bandwidth of bands, again to enable simultaneous access. Generally, the FSR is determined 
15 by the length 1 of the Fabry-Perot cavity in the filter, FSR=21/c. 

This three-way simultaneous scanning reduces the total scan time while providing for 
simultaneous calibration. In other embodiments, the free spectral range of the tunable filter is 
increased to 57.5 nm to enable monitoring of the optical service channels that flank the C-and 
L-bands. 

20 In some implementations, a spatial mode aperture is used in conjunction with the 

tunable filter. Such intra-filter apertures are desirable when extra cavity mode control devices 
are not used. For example, in some other implementations, a length of single mode fiber 
follows the filter to attenuate higher order modes. 

While this invention has been particularly shown and described with references to 
2 5 preferred embodiments thereof, it will be understood by those skilled in the art that various 
changes in form and details may be made therein without departing from the scope of the 
invention encompassed by the appended claims. 
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CLAIMS 

What is claimed is: 

1. An alignment process for a fiber optic system including at least one lens and a 
tunable filter element, the process comprising: 

transmitting an optical signal into the system; 

detecting a back-reflection from the lens and/or the tunable filter element; 
manipulating a position of the lens relative to the tunable filter element in response 
to the back-reflection. 

2. An alignment process as claimed in claim 1, wherein the step of transmitting the 
optical signal into the system comprises transmitting the optical signal via a fiber 
pigtail of the system. 

3. An alignment process as claimed in claim 1, wherein the step of detecting the back- 
reflection comprises detecting an optical signal coupled into a fiber pigtail of the 
system from the system. 

4. An alignment process as claimed in claim 1, further comprising inserting a mirror 
optically between a first lens and a second lens in the fiber optic system. 

5. An alignment process as claimed in claim 4, further comprising transmitting an 
optical signal to the fiber optic system via a fiber pigtail while detecting back 
reflections from the mirror. 

6. An alignment process as claimed in claim 5, further comprising moving the first 
lens relative to an endface of the fiber in response to backward coupling of the optical 
signal into the fiber from the mirror. 
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7. An alignment process as claimed in claim 6, further comprising translating a 
second lens in the optical train in response to a level of back reflections from the filter 
element with the mirror removed. 

8. An alignment process as claimed in claim 1, further comprising; 

5 coating the filter to be reflective at a predetermined wavelength; and 

tuning the optical signal to the predetermined wavelength. 

9. An alignment process as claimed in claim 1, further comprising: 
optically inserting camera into an optical link of the optical system; 
generating an image of the lens, and 

10 translating the lens relative to optical system in response to the image. 

10. An alignment process as claimed in claim 9, further comprising: 
removing the imaging device from the optical path; and 
inserting the fiber pigtail into the optical system. 

1 1. An alignment process as claimed in claim 10, further comprising: 
is exciting the optical train with a signal via the optical fiber; 

detecting a ratio between two optical modes in a backreflection signal from the 
optical system. 

12. An alignment system for an optical system comprising a lens and a tunable filter 
element, the process comprising: 

20 an optical signal source; 

an optical signal detector for detecting back-reflections from the optical system; 
and 

a reflective element in an optical link that produces the back-reflections; 
a manipulation system for moving the lens and tunable filter element relative to 
25 each other in response to the back-reflections. 
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13. An alignment system as claimed in claim 12, wherein the optical signal source 
that emits radiation at a frequency not coinciding with a resonant peak of the tunable 
filter element. 

14. An alignment system as claimed in claim 12, wherein the reflective element is 

5 insertable such that it is orthogonal to an axis of an optical path of the optical system. 

15. An alignment system for an optical system comprising a lens and a tunable filter 
element, the process comprising: 

an optical signal source; 

an optical signal detector for detecting back-reflections from the optical system; 
10 and 

camera that is detects an optical signal that is tranmitted through at least part of an 

optical link to detect back-reflections; and 
a manipulation system for moving the lens and tunable filter relative to each other 
in response to an image detected by the camera. 

is 16. An alignment process for a fiber optic system including at least one lens and a 

tunable filter element, the process comprising: 

transmitting an optical signal into the system; 

optically inserting a camera into an optical link of the optical system; 

generating an image of the lens, and 
20 translating the lens relative to optical system in response to the image. 

17. An alignment process as claimed in claim 16, wherein the step of transmitting the 
optical signal into the system comprises transmitting the optical signal backwards 
through the optical system. 

18. An alignment process as claimed in claim 16, wherein the optical signal is tuned 
25 to a passband of the tunable filter. 
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19. An alignment process as claimed in claim 16, further comprising: 
removing the camera from the optical path; and 

inserting the fiber pigtail into the optical system. 

20. An alignment process as claimed in claim 16, further comprising: 
5 exciting the optical train with a signal via an optical fiber; 

detecting a ratio between two optical modes in a backreflection signal from the 

optical system; and 
aligning the system to minimize the ratio. 

21 . An alignment process for a fiber optic system including at least two lenses and a 
10 tunable filter element, the process comprising: 

transmitting an optical signal into the system; 

optically inserting camera into an optical link of the optical system; 

generating an image of a first lens, and 

translating optical elements of the fiber optic system in response to the image of the 
15 first lens; 

generating an image of a second lens, and 

translating optical elements of the fiber optic system in response to the image of the 
second lens. 

22. An alignment process as claimed in claim 21, wherein the step of transmitting the 
20 optical signal into the system comprises transmitting the optical signal backwards 

through the optical system. 

23. An alignment process as claimed in claim 21, wherein the optical signal is tuned 
to a passband of the tunable filter. 

24. An alignment process as claimed in claim 21, further comprising: 
25 removing the camera from the optical path; and 
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inserting the fiber pigtail into the optical system. 

25. An alignment process as claimed in claim 21, further comprising: 
exciting the optical train with a signal via an optical fiber; 

detecting a ratio between two optical modes in a backreflection signal from the 
5 optical system; and 

aligning the system to minimize the ratio. 

26. An alignment system for an optical system comprising a lens and a tunable filter 
element, the process comprising: 

attaching a fiber pigtail to the system; 
10 transmitting a broadband signal through the optical system; and 

positioning an endface of the fiber relative to the tunable filter to maximize a ratio 
between a lower order mode and a next higher order mode. 
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ABSTRACT OF THE DISCLOSURE 

Process and System for Tunable 
Filter Optical Train Alignment 

5 An alignment process for a fiber optic system, which includes at least one lens and a 

tunable filter element, comprises transmitting an optical signal into the system and detecting a 
back-reflection from the lens and/or the tunable filter element. The position of the lens 
relative to the tunable filter element is then manipulated in response to the back-reflection. 
This alignment prevents the excitation of higher order modes. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
Declaration for Utility or Design Patent Application (37 CFR §L63) 



[X] Declaration 
Submitted 
with Initial 
Filing 



[ ] Declaration 
OR Submitted after Initial 

Filing (surcharge) 
(37 CFR 1.16(e)) 
required) 



Attorney Docket No: 1008-0100 
First Named Inventor: Jeffrey Korn 

COMPLETE IF KNOWN; 
Application Number: 
Filing Date: 
Group Art Unit: 
Examiner Name: 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint 
inventor (if plural names are listed in the signatory page(s) commencing at page 3 hereof) of the subject matter 
which is claimed and for which a patent is sought on the invention entitled 

PROCESS AND SYSTEM FOR TUNABLE FILTER OPTICAL TRAIN ALIGNMENT 



the specification of which (check one) 

[X] is attached hereto. OR [] was filed on as United States 

Application Number or PCT International 
Application No. 

I hereby state that I have reviewed and understand the contents of the above-identified specification, including the 
claims, as amended by any amendment specifically referred to above. 

I acknowledge the duty to disclose information which is material to patentability as defined in 37 C.F.R. ' 1.56. 

I hereby claim foreign priority benefits under 35 U.S.C. §1 19(a)-(d) or §365(b) of any foreign application(s) for 
patent or inventor's certificate or §365(a) of any PCT international application which designated at least one country 
other than the United States of America, listed below and have also identified below, by checking the box, any 
foreign application for patent or inventor's certificate, or of any PCT international application having a filing date 
before that of the application on which priority is claimed: 



Prior Foreign Application(s) Priority Certified 

Not Copy Attached? 

Claimed YES NO 



r i r l [l 


(Number) (Country) 


(Day/Month/Year filed) 


[ ] [ ] [ ] 


(Number) (Country) 


(Day/Month/Year filed) 


[ ] t i t ] 


(Number) (Country) 


(Day/Month/Year filed) 




I hereby claim the benefit under 35 U.S.C. 


1 119(e) of any United States provisional application(s) listed below. 


(Application Number) 


(Filing Date) 




(Application Number) 


(Filing Date) 
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I hereby claim the benefit under 35 U.S.C. §120 of any United States application(s), or §365(c) of any PCT 
international application designating the United States of America, listed below and, insofar as the subject matter of 
each of the claims of this application is not disclosed in the prior United States or PCT International application in 
the manner provided by the first paragraph of 35 U.S.C. § 1 12, 1 acknowledge the duty to disclose information which 
is material to patentability as defined in 37 C.F.R. §1.56 which became available between the filing date of the prior 
application and the national or PCT international filing date of this application: 



(U.S. Parent Application or 
PCT Parent No.) 



(Parent Filing date) 



(U.S. Parent Application or 
PCT Parent No.) 



(Parent Filing date) 



(Parent Filing date) 



(Parent Patent No. (if applicable)) 



(Parent Patent No. (if applicable)) 



(Parent Patent No. (if applicable)) 



(U.S. Parent Application or 
PCT Parent No.) 

As a named inventor, I hereby appoint the following registered practitioner(s) to prosecute this application and to 
transact all business in the Patent and Trademark Office connected therewith 

Customer No. 25263 

OR 

Registered practitioner(s) name/registration number listed below: 

J. Grant Houston, Esq. Registration No: 35,900 

Direct all correspondence to: 

[XI Customer No. 25263 
OR 

[ ] Correspondence Address below: 
J, Grant Houston, Esq, 
AXSUN TECHNOLOGIES, INC. 
One Fortune Drive 
Billerica, Massachusetts 01821 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1 8 
U.S.C. 1001 and that such willful false statements may jeopardize the validity of the application or any patent issued 
thereon. 

f 1 A Petition has been filed for this unsigned inventor 



Full name of sole or first inventor Jeffrey A. Korn _ — 

(Given Name(first, middle [if any], and Family Name or Surname) 

Date jfeoWD 



Inventor's Signature 



Residence 




Lexington. MA 02421 



Citizenship . 



USA 



Post Office Address . 



Same as above 



